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SPECIFICATION 

GAS TURBINE UNIT AND ITS COOLING METHOD 

Technical Field 

The present invention relates to a gas turbine unit 
and a gas -turbine cooling method. 

Background Art 

It is required to increase the capacity and the 
efficiency of gas- turbine power - genera ting equipment to 
meet the ever - increas ing demand of electric power and 
address the problem of the warming up of the earth. In the 
case of gas- turbine power - genera ting equipment, in 
particular, wherein air compressed by a compressor is fed 
to a combustor, fuel is fed to the combustor to be burned, 
and the combustion gas drives a gas turbine, its capacity 
and efficiency can be increased by raising the combustion 
temperature . 

However, the gas turbine exposed to and driven by 
combustion gas of high temperature may be damaged, if not 
cooled, and such damage may lead to a serious accident of 
the gas -turbine power - generating equipment. Therefore, in 
the gas -turbine power - generating equipment using the 



high - temperature combustion gas, the high - temperature part 
of the gas turbine is cooled with compressed air or steam. 

Besides, the efficiency of gas- turbine power- 
generating equipment can be increased by col lec ting heat 
from the refrigerant after it cools the high - temperature 
part of the gas turbine. On the other hand, it is desirable 
to reduce the flow rate of the refrigerant as low as 
permissible . 

The configuration of the cooling holes to cool the 
high - temperature part of the gas turbine i s complex for 
higher cooling efficiency . Accordingly, if dus t , etc . 
disturb the smooth flow of refrigerant or cooling holes are 
clogged with dust, etc., the cooling efficiency decreases 
and the gas turbine may be damaged . Therefore , the gas 
turbine requires highly puri f ied refrigerant . Besides , 
refrigerant for cooling the high- temperature part of the gas 
turbine is required to be highly puri f ied so that the 
refrigerant can flow smoothly through the complex cool ing 
holes, its flow rate can be reduced as low as permissible, 
and the efficiency of the gas- turbine power - genera ting 
equipment can be increased. 

For example, Japanese Unexamined Patent Application 
No . 54-82518 disclosed a configuration of air-cooled gas 
turbine wherein air discharged from a compressor is cooled 
by a heat exchanger, the pressure of the air is raised by 



a booster compressor, and the air is fed to the high- 
temperature part of the gas turbine to cool the part and 
collected to a combustor. 

Japanese Unexamined Patent Applications Nos . 2- 
264127, 2-267326, 7-189740, and 7-317562 disclosed 
technique for cooling the high- temperature part of the gas 
turbine . 

In the case of the above air-cooled gas turbine, such 
problems are not addressed as the generation of mist due to 
the cooling of air by the heat exchanger, the damage of the 
booster compressor due to alien substances in cooling air, 
the decrease of the cooling efficiency and the damage to the 
turbine due to the clogging of cooling holes with alien 
substances in cooling air, and so on. 

For example, if cooling air contains alien substances 
such as dust, the cooling holes, of which the configuration 
is complex for high cooling efficiency, may get clogged with 
such alien substances, reducing the flow rate of the 
refrigerant, and the gas turbine may be damaged. 

The object of the present invention is to provide a 
gas turbine unit and a gas -turbine cooling method capable 
of feeding cooling air suitable for cooling the high- 
temperature part of the gas turbine. 



Disclosure of the Invention 



The gas turbine uni t of the present invention 
comprises a compressor to compress and discharge gas, a 
combustor which the gas compressed by the compressor is fed 
to, and a turbine to be driven by the combustion gas of the 
combustor . 

Further, primarily, its feature is that the gas 
turbine unit of the present invention has a turbine - cool ing 
system to feed the gas from the compressor to the turbine. 
The turbine - cooling system comprises a heat exchanger to 
cool the gas compres sed by the compressor and a means for 
separating liquid from the gas cooled by the heat exchanger. 

The gas -turbine cooling method of the present 
invention for cooling a gas - turbine unit , which comprises 
a compressor to compress and discharge gas, a combustor 
which the gas compressed by the compressor is fed to , and 
a turbine to be driven by the combustion gas of the 
combustor, includes the process of feeding the gas from 
compressor to the turbine to cool it. The turbine - cool ing 
process comprises the steps of cooling the gas compressed 
by the compressor and separating liquid from the cooled gas. 

Brief Description of drawings 

Fig. 1 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention . 



Fig. 2 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention . 

Fig. 3 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention . 

Fig. 4 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention . 

Fig. 5 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention . 

Fig. 6 is a system diagram of a cooling system of the 
high- temperature part of a gas turbine in accordance with 
the present invention. 

Best Mode for Carrying Out the Invention 
(First Embodiment ) 

With reference to Fig. 1, the first embodiment of the 
present invention will now be described in detail. Fig. 1 
shows a cooling system of the high - tempera ture part of a gas 
turbine. The gas turbine unit of Fig. 1 comprises mainly 
a compressor 1 to compress and discharge gas, a combustor 
2 which the gas compressed by the compressor 1 is fed to, 



and a turbine 3 to be driven by the combustion gas of the 
combustor 2 . 

Arranged from upstream to downstream in the cooling 
system of this embodiment are a heat exchanger 4 for cooling 
the gas compressed by the compressor 1, a means for 
separating liquid from gas, a dust - collecting means for 
separating dust, etc. from gas, a boos ter compressor 7 , and, 
again, a dust - collecting means for separating dust, etc. 
from gas . 

Next, the cooling system of the high - temperature part 
of the gas turbine will be described concretely along the 
flow of cooling air . 

The compressed air for cooling tapped from the 
compressor 1 through a branch line is fed to the heat 
exchanger 4 . The compressed air fed to the heat exchanger 
4 is cooled down to about 130°C. In this embodiment, the 
compressed air is indirectly cooled by a refrigerant. The 
cooled compressed air is fed from the heat exchanger 4 to 
a means for separating liquid from gas.^ 

In this embodiment, a mist separator 5, which is a kind 
of gas-liquid separator, is adopted as the means for 
separating liquid from the gas fed from the heat exchanger 
4 . The mist separator 5 separates mist from the compressed 
air introduced in it. Namely, the mist due to the cooling 
of compressed air by the heat exchanger 4 is separated from 
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the compressed air by the mist separator 5. By having 
compressed air pass through the mist separator 5, mist in 
the compressed air can be removed. Accordingly, erosion and 
dust - adhesion inside the booster compressor 7 and the 
cooling-air ducts of the high - tempera ture part of the 
turbine 3 disposed downstream can be prevented. Namely, 
because the gas- liquid separator is disposed below the heat 
exchanger 4 in the cooling sys tern, mi s t generated in the 
cooling step of the heat exchanger 4 can be removed. Because 
the gas-liquid separator is disposed below the heat 
exchanger 4 and above the booster compressor 7 in the cooling 
system, mist generated in the cooling step of the heat 
exchanger 4 can be removed and erosion and dust - adhesion 
inside the booster compressor 7 and the cooling-air ducts 
of the high- temperature part of the turbine 3 can be 
prevented . 

Thereafter, the compressed air is fed from the mist 
separator 5 to the dust- collecting means for separating 
dust, etc. from gas. In this embodiment, a cyclone 6 is 
adopted as the dust - collecting means for separating dust, 
etc. from gas. In the cyclone 6, alien substances such as 
dust contained in the cooled compressed air can be removed. 
By purifying the cooled compressed air in the cyclone 6, the 
booster compressor 7 disposed below the cyclone 6 can be 
prevented from being damaged by dust, etc. Besides, unlike 
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a filter with metal meshes, the cyclone 6, which is a 
centrifugal dust - collecting means, has hardly increasing 
pressure loss during its continuous operation and hence is 
capable of operating continuously over a long period of 
time. Namely, it is free from such clogging of meshes and 
increasing pressure loss as occur in a filter with meshes. 

Namely, because the dust- collecting means for 
separating dust, etc. from gas is disposed below the heat 
exchanger 4 and the mist separator 5, dust, etc. in the air 
fed through the heat exchanger 4 and the mist separator 5 
can be removed. In addition, because the dus t - col lecting 
means for separating dust, etc. from gas is disposed below 
the heat exchanger 4 and the mist separator 5 and above the 
booster compressor 7, dust, etc. in the air fed through the 
heat exchanger 4 and the mist separator 5 can be removed and 
hence the booster compressor 7 can be prevented from being 
damaged by dust, etc. On the other hand, by adopting a 
cyclone 6 as the dus t - col lecting means for separating dust, 
etc. from gas at this place, (i) the pressure loss hardly 
increases during the continuous operation, (ii) long-time 
continuous operation becomes possible, and (iii) such 
increase in pressure loss due to the clogging of meshes as 
occurs in a filter with meshes is rendered irrelevant. 

Then, the compressed air is fed from the cyclone 6 to 
the booster compressor 7. The booster compressor 7 raises 




the pressure of the compressed air to a desired level. At 
the time, the pressure is raised to about 50 kg/cm 2 optimal 
for cooling the turbine 3 . In this way, the pressure of the 
compressed air can be raised by the booster compressor 7 to 
the level appropriate for cooling the turbine 3 . 

The booster compressor 7 is driven by the turbine 
shaft because cooling air always has to be fed to the turbine 
3 while it is operating. However, the arrangement of 
equipment or limited available space may not allow such 
driving system to be adopted. In this case, the booster 
compressor 7 is driven by an electric motor. However, if 
the electric motor gets out of order, the supply of cooling 
air to the turbine 3 goes down. Therefore, it is desirable 
to provide the gas turbine unit with a protection device 
which stops the gas turbine immediately when the electric 
motor of the booster compressor 7 gets out of order. By 
providing the gas turbine unit with a protection device 
having a means for detecting the trouble of the electric 
motor and a means for stopping the gas turbine based on a 
signal from the trouble - detecting means, the gas turbine can 
be stopped to prevent it from being damaged in the event that 
cooling air is not sufficiently supplied to the high- 
temperature part of the gas turbine. 

A dust - collecting means for separating dust, etc. 
from gas is disposed below the booster compressor 7 . In this 
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embodiment, a filter 8 is adopted as the dust - collecting 
means. The compressed air for cooling is fed from the 
booster compressor 7 to the filter 8. 

While the gas turbine is starting or stopping, the 
flow rate of the cooling air fed from the compressor 1 is 
low. Accordingly, the flow velocity at the inlet of the 
cyclone 6 is low, and hence the cyclone 6 may not be able 
to exert its dust - collecting capability well due to its 
working principle, purifying the cooling air 
insufficiently. On the other hand, the dus t - col lec ting 
capability of the filter 8 which uses metal meshes or the 
like is not affected by the low flow velocity of the cooling 
air. Thus, when the flow velocity of the cooling air is low 
while the gas turbine is starting or stopping, the cooling 
air can be purified by the filter 8. Namely, by disposing, 
below the booster compressor 7, the filter 8 which is a means 
for separating dust, etc. from the cooling air by receiving 
the air with fiber or the like, the cooling air can be 
purified even while the gas turbine is starting or stopping 
and hence the flow velocity of the cooling air is low. 

Besides, while the turbine 3 is operating at its rated 
speed, the pressure - raised compressed air (cooling air) is 
finally purified with excellent accuracy before the air is 
fed to the turbine 3. By purifying the air again, alien 
substances such as rust produced in the booster compressor 
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7 can be removed. Namely, because the dust - collecting means 
for separating dust, etc. from gas is disposed, in the 
cooling system, between the booster compressor 7 and the 
turbine 3, alien substances such as rust produced in the 
booster compressor 7 can be removed while the gas turbine 
is operating at its rated speed. 

Then, the cooling air is fed from the filter 8 to the 
turbine 3. In the turbine 3, the cooling air cools such 
high- temperature part of the turbine 3 as the gas - turbine 
blades and the rotor. Thereafter, the cooling air is fed 
to the combustor 2, and the heat gained by cooling the 
turbine 3 is recovered from the air. Thus, the cooling 
system is of a closed type. 

With the above cooling system, the generation 
efficiency of gas- turbine power - genera ting equipment can be 
raised . 

As Fig. 1 shows, in this cooling system, a bypass line 
11 with a bypass valve 10 is laid around the turbine 3 below 
the filter 8 so that the cooling air can be collected to the 
combustor 2 not through the line 9 leading to the turbine 
3, but through the bypass line 11. 

While the gas turbine is starting, stopping, or 
operating under a partial load , transient surges occur in 
the booster compressor 7 . Before the turbine unit gets into 
such condition, the bypass valve 10 is opened to let part 
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of the cooling air through the bypass line 11 and thereby 
to control the air flow through the line 9 and avoid such 
surging. Namely, by laying the bypass line 11, transient 
surging in the booster compressor 7 can be checked. 

On the other hand, while the gas turbine is starting, 
stopping, or operating under a partial load, the temperature 
of the combustion gas driving the turbine 3 is lower than 
that of the combustion gas during the operation at the rated 
speed. Therefore, the high - tempera ture part of the turbine 
3 may be overcooled if all the cooling air is fed to the 
turbine 3. If the high - tempera ture part of the turbine 3 
is cooled beyond the necessary degree, the temperature 
difference between the surfaces of the high - temperature 
part and the cooling holes may give rise to thermal stress, 
which may cause damage to the turbine 3. Therefore, excess 
cooling air is collected to the combustor 2 through the 
bypass line 11 . Thus , excessive cooling air can be prevented 
from flowing into the turbine 3 because the bypass line 11 
and the bypass valve 10 are provided. Namely, by controlling 
the bypass valve 10, the cooling air can be fed to the turbine 
3 at an appropriate flow rate. 

As described above, disposed in the bypass line 11 is 
the bypass valve 10 that is a flow-rate control valve to 
control the flow rate of the cooling air going around the 
turbine 3 . By controlling the bypass valve 10, the necessary 
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flow rate of cooling air to the turbine 3 can be secured and 
excess cooling air can be collected through the bypass line 
11 to the combustor 2. 

Besides, the bypass line 11 may be laid not to the 
combustor 2, but to an upstream point above the heat 
exchanger 4 to achieve the same effect. 

Moreover, a more efficient cooling system for the 
high- temperature part of the turbine 3 can be constructed 
by monitoring metal temperatures of the high - temperature 
part of the turbine 3 or the temperature of the collected 
cooling air, and thereby determining whether the high- 
temperature part of the turbine 3 is properly cooled or not 
and controlling the bypass valve 10 accordingly. Namely, 
the cooling condition of the high - temperature part of the 
turbine 3 can be monitored by providing a means for detecting 
metal temperatures of the high - temperature part of the 
turbine 3 or the temperature of the collected cooling air. 
Besides, more appropriate cooling can be made and a more 
efficient cooling system for the high - temperature part of 
the turbine 3 can be constructed by providing a means for 
adjusting the bypass valve 10 based on metal temperatures 
of the high - temperature part of the turbine 3 or the 
temperature of the collected cooling air when the high- 
temperature part of the turbine 3 is not properly cooled. 



It is preferable to close the bypass valve 10 
completely from the point of view of the operating 
efficiency of the plant. However, the cooling condition of 
the high - temperature part of the turbine 3 may vary 
depending on weather conditions such as atmospheric 
temperature. Therefore, it is desirable to control the 
bypass valve 10 according to circumstances so as to optimize 
the cooling condition of the high - tempera ture part of the 
turbine 3 . 

Besides, in case of a gas turbine unit in which the 
cooling air after cooling the high - tempera ture part of the 
gas turbine is not collected into the combustor, but 
exhausted together with the combustion gas after driving the 
gas turbine, this cooling system can feed cooling air which 
flows smoothly through the high - tempera ture part of the gas 
turbine without causing the clogging of cooling holes with 
dust, etc. and thereby improves the reliability of the whole 
plant. 

Further, in case of a closed-type cooling system, 
salient effect is achieved by purifying the cooling air. 
(Second Embodiment) 

With reference to Fig. 2, the second embodiment of the 
present invention will now be described in detail. Fig. 2 
shows a cooling system of the high - temperature part of a gas 
turbine . 



The gas turbine unit of Fig. 2 comprises mainly a 
compressor 1 to compress and discharge gas, a combustor 2 
which the gas compressed by the compressor 1 is fed to, and 
a turbine 3 to be driven by the combustion gas of the 
combustor 2 . 

Arranged from upstream to downstream in the cooling 
system of this embodiment are a heat exchanger 4 for cooling 
the gas compressed by the compressor 1, a means for 
separating liquid from gas, a dust - collecting means for 
separating dust, etc. from gas, a booster compressor 7, and, 
again, a dust - collecting means for separating dust, etc. 
from gas . 

In this embodiment, in the cooling system, disposed 
in the vicinity of the outlet of a heat exchanger 4 as shown 
in Fig. 2 is a thermometer 12 which is a means for detecting 
the temperature of the cooling air (compressed air) from the 
heat exchanger 4. Because the means for detecting the 
temperature of the cooling air (compressed air) is provided, 
it can be monitored whether the cooling air is properly 
cooled or not. 

Also provided in this embodiment is a flow control 
valve 13 which is a means for controlling the flow rate of 
refrigerant to the heat exchanger 4 in accordance with the 
temperature measured by the thermometer 12. With the flow 
control valve 13, the flow rate of refrigerant to the heat 
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exchanger 4 can be controlled in accordance with the 
temperature measured by the thermometer 12. This control 
of refrigerant enables the management and the control of the 
temperature of cooling air. 

Moreover, provided in this embodiment is a 
differential pressure gauge 14 which is a means for 
measuring the difference between the pressures before and 
after the filter 8. The differential pressure gauge 14 
enables to monitor the difference between the pressures 
before and after the filter 8 and the clogging of meshes of 
the filter 8 . If the difference between the pressures before 
and after the filter 8 becomes large, the cooling air cannot 
be fed at a sufficient flow rate to the high - temperature part 
of the turbine 3. Therefore, it is desirable to provide the 
gas turbine unit with a protection device which stops the 
gas turbine immediately after such an event occurs. 

Namely, damage to the gas turbine can be prevented by 
stopping the gas turbine on the basis of the measured value 
of the differential pressure gauge 14 . 

Also preferable for higher reliability is the 
configuration that at least two filters 8 are disposed in 
the cooling system in parallel and a selector valve 15 is 
disposed before and after each filter 8 so as to make 
switchover between the filters 8 and keep the difference 
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between the pressures before and after the filter 8 in 
service in a permissible range. 
(Third Embodiment) 

With reference to Fig. 3, the third embodiment of the 
present invention will now be described in detail. Fig. 3 
shows a cooling system of the high- temperature part of a gas 
turbine . 

The gas turbine unit of Fig. 3 comprises mainly a 
compressor 1 to compress and discharge gas, a combustor 2 
which the gas compressed by the compressor 1 is fed to, and 
a turbine 3 to be driven by the combustion gas of the 
combustor 2 . 

Arranged from upstream to downstream in the cooling 
system of this embodiment are a heat exchanger 4 for cooling 
the gas compressed by the compressor 1, a means for 
separating liquid from gas, a dus t - collecting means for 
separating dust, etc. from gas, a booster compressor 7, and, 
again, a dus t - collecting means for separating dust, etc. 
from gas . 

Particularly, in this embodiment, a plurality (at least 
two) of filters 16 is disposed in parallel below the mist 
separator 5 in the cooling system and a differential 
pressure gauge 14 is provided to measure the difference 
between the pressures before and after the filter 16 in 
service, as shown in Fig. 3. This configuration enables to 
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monitor the pressure loss of the filter 16 in service, make 
switchover among the filters 16, and change metal meshes of 
the filters 16 out of service. 

Thus, continuous dus t - collecting effect can be 
achieved, trouble due to the clogging of filter meshes can 
be prevented, the maintenance of filter meshes can be 
carried out easily, and an appropriate cooling system can 
be constructed. 

Namely, the filters 16, as described in the present 
embodiments, can remove alien substances such as dust 
contained in the cooled compressed air. By purifying the 
cooled compressed air in the filters 16, the booster 
compressor 7 disposed downstream can be prevented from being 
damaged by such alien substances. Besides, the plurality 
of filters 16 is disposed in parallel, and the means for 
measuring the differential pressure of the filters 16 and 
the means for making switchover among the filters 16 are 
provided. Therefore, even if the filter 16 in service gets 
clogged with dust, etc. after a long service time, 
switchover among the filters 16 can be made and the pressure 
loss of the filter 16 in service can be prevented from 
increasing excessively . 

Namely, because the dus t - collecting means for 
separating dust, etc. from gas is disposed below the heat 
exchanger 4 and the mist separator 5, dust, etc. can be 
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removed from the air fed through the heat exchanger 4 and 
the mist separator 5. Besides, because the dust - collecting 
means for separating dust, etc. from gas is disposed below 
the heat exchanger 4 and the mist separator 5 and above the 
booster compressor 7, dust, etc. in the air fed through the 
heat exchanger 4 and the mist separator 5 can be removed and 
hence the booster compressor 7 can be prevented from being 
damaged by dust, etc. Moreover, the plurality of filters 
16 is disposed, as the means for separating dust, etc. from 
gas, in parallel between the mist separator 5 and the booster 
compressor 7, and the means for measuring the differential 
pressure of the filters 16 and the means for making 
switchover among the filters 16 are provided. Therefore, 
the decrease of flow rate of the cooling air due to the 
increase of pressure loss in the filters 16 during the 
continuous operation of the gas turbine unit can be 
prevented, and the gas turbine unit can be operated 
continuously over a long time period. 
( Fourth Embodiment ) 

With reference to Fig. 4, the fourth embodiment of the 
present invention will now be described in detail. Fig. 4 
shows a cooling system of the high - temperature part of a gas 
turbine . 

The gas turbine unit of Fig. 4 comprises mainly a 
compressor 1 to compress and discharge gas, a combustor 2 
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which the gas compressed by the compressor 1 is fed to, and 
a turbine 3 to be driven by the combustion gas of the 
combus tor 2 . 

Arranged from upstream to downstream in the cooling 
system of this embodiment are a heat exchanger 4 for cooling 
the gas compressed by the compressor 1, a means for 
separating liquid from gas and also separating dust, etc. 
from the same, a booster compressor 7, and a dust - collecting 
means for separating dust, etc. from gas. 

In this embodiment, a gas - liquid - separating/dust - 
collecting device 18 is provided as the means for separating 
liquid and dust, etc. from gas . A filter 8 is disposed, below 
the booster compressor 7, as the dust - collecting means for 
separating dust, etc. from gas. The gas - liquid- 
separating/dust - collecting device 18 in the present 
embodiment serves as the means for separating liquid from 
gas (for example, a mist separator 5) of the first embodiment 
and, at the same time, as the dust - collecting means for 
separating dust, etc. from gas (for example, a cyclone 6) 
of the first embodiment. In addition to the double 
functionality, it contributes to the simplification of the 
gas turbine unit. 

Moreover, the filter 8 may be omitted in this 
embodiment to simplify the unit because the filtering 
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accuracy is relatively stable even while the gas turbine is 
starting or stopping. 
(Fifth Embodiment) 

With reference to Figs. 5 and 6, the fifth embodiment 
of the present invention will now be described in detail. 
Figs. 5 and 6 show a cooling system of the high - temperature 
part of a gas turbine. 

The gas turbine unit of Figs. 5 and 6 comprises mainly 
a compressor 1 to compress and discharge gas, a combustor 
2 which the gas compressed by the compressor 1 is fed to, 
and a turbine 3 to be driven by the combustion gas of the 
combus tor 2 . 

Arranged from upstream to downstream in the cooling 
system of this embodiment are a heat exchanger 4 for cooling 
the gas compressed by the compressor 1, a dus t - col lec ting 
means for separating dust, etc. from gas (for example, a 
cyclone 6), and a booster compressor 7. 

In the example of Fig. 5, a gas-liquid- 
separating/dust - collecting device 18, which is a means for 
separating liquid and dust, etc. from gas, is disposed below 
the booster compressor 7. 

Because the gas - liquid - separating/ dus t - col lec ting 
device 18 is disposed below the heat exchanger 4, the cyclone 
6, and the booster compressor 7 and above the turbine 3, mist 
to be generated in the compressed air due to the cooling by 



- 22 - 



the heat exchanger 4 can be removed and erosion and 
dus t - adhesion inside the cooling-air ducts of the high- 
temperature part of the turbine 3 can be prevented. In 
addition, by adopting the double - functional gas -liquid- 
separating/dust - collecting device 18, the gas turbine unit 
can be simplified. 

Further, because the gas- liquid- separating/dust- 
collecting device 18 is disposed immediately before the 
turbine 3 in this embodiment, highly reliable and highly 
purified air can be fed to the turbine 3 . 

In the example of Fig. 6, a gas-liquid- 
separating/dust - collecting device 18, which is a means for 
separating liquid and dust, etc. from gas, is disposed 
between the cyclone 6 and the booster compressor 7 . 

Because the gas - liquid- separa ting /dus t - collecting 
device 18 is disposed below the heat exchanger 4 and the 
cyclone 6 and above the booster compressor 7, mist to be 
generated in the compressed air due to the cooling by the 
heat exchanger 4 can be removed and erosion and dust- 
adhesion inside the booster compressor 7 and the cooling-air 
ducts of the high - temperature part of the turbine 3 can be 
prevented. In addition, by adopting the double - functional 
gas - liquid - separating/dust - collecting device 18, the gas 
turbine unit can be simplified. 
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Industrial Applicability 

According to the present invention, there is provided 
a gas turbine unit and a gas -turbine cooling method capable 
of feeding cooling air suitable for cooling the high- 
temperature part of the gas turbine. 
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AMENDMENT UNDER ART. 34 PCT 

Claims 

1. (After Amendment) A gas turbine unit comprising a 
compressor to compress and discharge gas, a combustor which the gas 
compressed by the compressor is fed to, and a turbine to be driven 
by the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said compressor and a means for separating liquid from , 
the gas cooled by the heat exchanger. 

2. (Deleted) 

3. A gas turbine unit comprising a compressor to compress 
and discharge gas, a combustor which the gas compressed by the 
compressor is fed to, and a turbine to be driven by the combustion 
gas of the combustor; 

wherein said gas turbine unit has a turbine -cooling system 
to feed the gas from said compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said compressor, a liquid-separating means for 
separating liquid from the gas cooled by the heat exchanger, and 
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a dus.t-collecting means for separating dust, etc. from the gas 
having passed through the liquid- separating means. 

4. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor and a second compressor to raise 
the pressure of the gas cooled by the heat exchanger to a desired 
level, and a dust-collecting means for separating dust, etc. from 
the gas whose pressure has been raised by the second compressor. 

5. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a liquid- separating means for 
separating liquid from the gas cooled by the heat exchanger, and 
a second compressor to raise the pressure of the gas having passed 
through the liquid- separating means to a desired level. 
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6. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which, the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a dust -collecting means for 
separating dust, etc. from the gas cooled by the heat exchanger, 
and a second compressor to raise the pressure of the gas having passed 
through the dust-collecting means to a desired level. 

7. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine -cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a liquid- separating means for 
separating liquid from the gas cooled by the heat exchanger, a 
dust-collecting means for separating dust, etc. from the gas having 
passed through the liquid- separating means, and a second compressor 
to raise the pressure of the gas having passed through the 
dust-collecting means to a desired level. 



8 . A gas turbine unit as claimed in any one of claims 5 through 
7, wherein said turbine-cooling system comprises a dust-collecting 
means for separating dust, etc. from gas disposed below said second 
compressor . 

9. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine -cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a liquid- separating means for 
separating liquid from the gas cooled by the heat exchanger, a first 
dust-collecting means for separating dust, etc. from the gas having 
passed through the liquid- separating means, a second compressor for 
raising the pressure of the gas having passed through the first 
dust-collecting means to a desired level, and a second dust- 
collecting means for separating dust, etc. from the gas whose 
pressure has been raised by the second compressor. 

10. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 



, , wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine to cool 
the turbine and to feed the gas from the turbine to the combustor, 
said turbine-cooling system comprising an indirect cooling heat 
exchanger to cool the gas compressed by said first compressor, a 
mist separator for separating liquid from the gas cooled by the heat 
exchanger, a cyclone for separating dust, etc. from the gas having 
passed through the mist separator, a second compressor to raise the 
pressure of the gas having passed through the cyclone to a desired 
level and a filter for separating dust, etc. from the gas whose 
pressure has been raised by the second compressor . 

11. (Deleted) 

12. (Deleted) 

13. (After Amendment) A gas turbine unit as claimed in any 
one of claims 5 through 7, wherein a means to measure the temperature 
of the gas cooled by the heat exchanger is provided. 

14. (After Amendment) A gas turbine unit as claimed in any 
one of claims 5 through 7 , wherein a means to measure the temperature 
of the gas cooled by said heat exchanger and a means for controlling 
the supply of refrigerant to said heat exchanger in accordance with 
the temperature measured are provided. 



15. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine -cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine -cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a means to measure the 
temperature of the gas cooled by the heat exchanger, a means for 
controlling the supply of refrigerant to said heat exchanger in 
accordance with the temperature measured, a liquid- separating means 
for separating liquid from the gas cooled by the heat exchanger, 
a first dust-collecting means for separating dust, etc, from the 
gas having passed through the liquid- separating means, a second 
compressor to raise the pressure of the gas having passed through 
the dust -collecting means to a desired level, and a second 
dust-collecting means for separating dust, etc. from the gas whose 
pressure has been raised by the second compressor, said second 
dust-collecting means being at least two filters disposed in 
parallel in the cooling system of the turbine. 

16. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 



. „ wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a dust -collecting means for 
separating dust, etc. from the gas cooled by the heat exchanger, 
and a second compressor to raise the pressure of the gas having passed 
through the dust -collecting means to a desired level, said 
dust-collecting means being at least two filters disposed in 
parallel in the cooling system of the turbine, 

17. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine -cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a dust-collecting means for 
separating dust, etc. from the gas cooled by the heat exchanger, 
and a second compressor to raise the pressure of the gas having passed 
through the dust-collecting means to a desired level, said 
dust-collecting means being at least two filters disposed in 
parallel in the cooling system of the turbine, a pressure detector 
being provided to detect the difference between the pressures before 
and after the filter, and passage opening-and-closing means being 
disposed above and below the cooling system of the filter to each 
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control the flow of the air into the filter. 

18. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine- cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a liquid- separating means for 
separating liquid from the gas cooled by the heat exchanger, a first 
dust-collecting means for separating dust, etc. from the gas having 
passed through the liquid- separating means, a second compressor to 
raise the pressure of the gas having passed through the first 
dust-collecting means to a desired level, and a second dust- 
collecting means for separating dust, etc. from the gas whose 
pressure has been raised by the second compressor, said first 
dust-collecting means being at least two filters disposed in 
parallel in the cooling system of the turbine. 

19. A gas turbine unit comprising a compressor to compress 
and discharge gas, a combustor which the gas compressed by the 
compressor is fed to, and a turbine to be driven by the combustion 
gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said compressor to the turbine, said 
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turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said compressor, and a separating means for separating 
liquid and dust, etc, from the gas cooled by the heat exchanger. 

20. A gas turbine unit comprising a first compressor to 
compress and discharge gas , a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a separating means for 
separating liquid and dust, etc. from the gas cooled by the heat 
exchanger, a second compressor to raise the pressure of the gas 
having passed through said separating means to a desired level, and 
a dust-collecting means for separating dust, etc. from the gas whose 
pressure has been raised by the second compressor. 

21. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine-cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a dust-collecting means for 
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separating dust, etc. from the gas cooled by the heat exchanger, 
a second compressor to raise the pressure of the gas having passed 
through said dust-collecting means to a desired level, and a 
separating means for separating liquid and dust, etc. from the gas 
whose pressure has been raised by the second compressor. 

22. A gas turbine unit comprising a first compressor to 
compress and discharge gas, a combustor which the gas compressed 
by the first compressor is fed to, and a turbine to be driven by 
the combustion gas of the combustor; 

wherein said gas turbine unit has a turbine -cooling system 
to feed the gas from said first compressor to the turbine, said 
turbine-cooling system comprising a heat exchanger to cool the gas 
compressed by said first compressor, a dust -collecting means for 
separating dust, etc. from the gas cooled by the heat exchanger, 
a separating means for separating liquid and dust, etc. from the 
gas having passed through said dust-collecting means, and a second 
compressor to raise the pressure of the gas having passed through 
the separating means to a desired level. 

23. A gas -turbine cooling method for a gas turbine unit 
comprising a compressor to compress and discharge gas, a combustor 
which the gas compressed by the compressor is fed to, and a turbine 
to be driven by the combustion gas of the combustor; 

wherein said cooling method includes a process to cool the 
turbine by feeding the gas from said compressor to the turbine, said 



cooling process comprising a step to cool the gas compressed by said 
compressor, and a step to separate liquid from the cooled gas* 

24 . (Deleted) 

25. A gas -turbine cooling method for a gas turbine unit 
comprising a compressor to compress and discharge gas, a combustor 
which the gas compressed by the first compressor is fed to, and a 
turbine to be driven by the combustion gas of the combustor; 

wherein the gas compressed by said compressor is cooled, the 
pressure of the gas cooled is raised to a desired level, and after 
dust , etc . are separated from the gas whose pressure has been raised, 
the gas is fed to the turbine so that the turbine may be cooled. 

26. A gas-turbine cooling method for a gas turbine unit 
comprising a compressor to compress and discharge gas, a combustor 
which the gas compressed by the compressor is fed to, and a turbine 
to be driven by the combustion gas of the combustor; 

wherein the gas compressed by said compressor is cooled, 
liquid is separated from the gas cooled, dust, etc.__are separated 
from the separated gas, the pressure of the separated gas is raised 
to a desired level, and after dust, etc. are separated from the gas 
whose pressure has been raised, the gas is fed to the turbine so 
that the turbine may be cooled. 
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; , - 27. A gas- turbine cooling method for a gas turbine unit 
comprising a compressor to compress and discharge gas, a combustor 
which the gas compressed by the compressor is fed to, and a turbine 
to be driven by the combustion gas of the combustor ; 

wherein the gas compressed by said compressor is cooled, and 
after liquid and dust, etc. are separated from the gas cooled, the 
gas is fed to the turbine so that the turbine may be cooled. 

28. A gas- turbine cooling method for a gas turbine unit 
comprising a compressor to compress and discharge gas, a combustor 
which the gas compressed by the compressor is fed to, and a turbine 
to be driven by the combustion gas of the combustor; 

said cooling method includes a first step to cool the gas 
compressed by said compressor, a second step to separate dust, etc. 
from the gas cooled, a third step to raise the pressure of the 
separated gas to a desired level, a fourth step to cool the turbine 
by feeding the gas whose pressure has been raised to the turbine, 
and a step, either between said second and third steps or between 
third and fourth steps, to separate liquid and dust, etc. from the 
gas. 
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ABSTRACT 

It is the object of the present invention to feed 
cooling air suitable for cooling the high- temperature part 
of the gas turbine. 

The present invention comprises a compressor, a 
combustor, and a turbine. Further, a turbine - cooling system 
to feed the gas from the compressor to the turbine is 
provided, and the turbine - cool ing system comprises a heat 
exchanger to cool the gas compressed by the compressor, and 
a means for separating liquid from the gas cooled by the heat 
exchanger . 

Thus, according to the present invention, it becomes 
possible to feed cooling air suitable for cooling the 
high- temperature part of the gas turbine and to achieve 
higher reliability of the gas turbine unit. 
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^Ht^^fa) box is checked: 



1^1 was filed on November 10, 1999 

as United States Application Number or 

PCT International Application Number PCT/JP98/06256 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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Japanese Language Declaration 



Mm&mm 3 5 n 1 1 9 & (a) - <d) mx\z 3 6 5 
fevx^z>ftftmj]$k&3 6 5 (a) mizMT<mmihm, x 

Prior Foreign Application(s) 



(Number) 



(Country) 



(Number) 



(Country) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application (s) for 
patent or inventor's certificate, or 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

- □ 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 

{ti\m*ZM B) 



□ 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application (s) 
listed betow. 



(Application No.) 



(Filing Date) 



(Application No.) 



(Filing Date) 
(ffiKFJ) 



i^3 6 5§ (c) izm-r<mffl*cznz!&m\s&'? a £ 
tt. *mm<D&m&mw<Dfo&&*mm$km3 5Mi 1 2^ 

-c<DMm*izx^2tit£* mnmmmmms 7mi^s em 
^femzntzftnmmiDmmtzm^zmmtemmz^^Tm 



(Application No.) 



(Filing Date) 

(mmB) 



(Application No.) 

mz* &&%o)mmzmr^x& 

MlZteZtlfcmi&<D&m&Z* J ttl£: 

1 8i^i 0 0 l&izm-r^. m& 
(Dm^iz&Qmm-zn&zLti* 



(Filing Date) 

l^tOff&f^HfeftffS 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States Code 
Section 112, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56 which became available 
between the filing date of the prior application and the national 
or PCT international filing date of application. 

(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that atl statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1 001 of Title 1 8 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

( B *itff) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith (list name and 
registration number) 

Gene Z. Rubinson, Reg. No. 3 3,351; A rthur J. 

Steiner, Reg. No. 2 8,108; Keith E. George, 

Reg. No. 34, l ll^Michael E. Fogarty, Reg. 

No. j3£JL39; Stephen C. Carlson, Reg. No. 

3iLS29?-Alexander V. Yampolsky, Reg. No. 

26^324- Wesley L. Strickland, Reg. No. 



^MMH9t Send Correspondence to: 

McDermott, Will & E mery 

600, 13th Street, N.W., Washington, D.C. 20005-3096 

i!l$tl|p£JiSf&5fc : (fc&lkZSMM^^j) Direct Telephone Calls to: {name and telephone numbei) 



Telephone: (202) 887-4000 
Fax: (202) 887-4288 



^fcuws— j _^>o Fu " name of sole or first inventor 

/ Kazunori YAMAN AKA , . 



%m^V>^& Hfd" Inventor's signature A Date 

X^r^^ ^^A^UU 9/3/ 

{iRff Residence ( ^ 

JditachU Japan <_J r Xj 

Hfl Citizenship 

Japan 

%LW%& Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 

Chiyoda-ku, Tokyo 100-8220, Japan 



(^^R^O^[pf^0J#^-3l^Tt>lRftM^f5^b, W^£rlT (Supply similar information and signature for second and 
£ £ <h) subsequent joint inventors.) 
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Full name of second joint inventor, if any 
Jylasami NODA _ 












Second inventor's signature * Date * 












Residence 

.iijtachinaka, Japan v. — Jr/n 


Citizenship 
Japan 












Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




mm 








Full name of third joint inventor, if any 
Shinya MARUSHIMA 




mmm 








Third inventor's signature Date ~ x / 












Residence t/fD 
Hitachinaka, Japan v ** /V 


Citizenship 
Japan 












Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




mm 








Full name of fourth joint inventor, if any 
Satoshi KONDO 






f£ 


aft 




Fourth inventor's signature Date A . 


&m 










Residence ( fi\si 
Hitachinaka, Japan <_J r/C' 


Hfg Citizenship 

Japan 












Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 












Full name of fifth joint inventor, if any 






t« 






Fifth inventor's signature Date 












Residence 


mm 










Citizenship 












Post Office Address 

Chiyoda-ku, Tokyo 100-8220, Japan 








Shiatsu 


(Supply similar information and signature for sixth and 
subsequent joint inventors.) 
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